In spite of his enthusiasm for English and history he went into the science sixth. His chemistry master, a certain 'Freddie' Gray, was a very strong character who saw to it that all the school's most promising pupils went into the science sixth. In Donald's year he had as fellow students G. W. Cooke, now C.B.E., F.R.S., and Chief Scientific Officer to the Agricultural Research Council, and T. W. Walker, now Professor of Soil Science at Lincoln College, Christ church, New Zealand. In the class one year junior a young Denys H. Wilkinson was starting on a distinguished career which led to a knighthood and ViceChancellorship of the University of Sussex. The class one year senior had contained J. A. Saxton, later Professor and C.B.E., now Director of the Appleton Laboratory (Radio and Space Research). It is certain that the good training provided by this dedicated science master became the foundation on which many a successful career in scientific research was built.
In 1935 Donald Walsh won a Mawson Scholarship to Corpus Christi College, Cambridge, where he completed Part II of his Natural Sciences Tripos in 1938. Among his tutors he had Moelwyn Hughes and also Charles Coulson with whom he shared strong religious and pacifist feelings. He joined the Baptist students' society called the Robert Hall Society and became its president in 1938. This was not narrowly religious in its activities but held weekly discussion groups on moral, social and political problems as well as theological ones. While continuing many of his former extra-curricular activities he found his natural 'milieu' in small groups meeting primarily for serious discussion.
Postgraduate period
After graduating in 1938 he was most eager to have a career in research and in that year started on a Ph.D. programme with the present author who was at that time University Demonstrator in Physical Chemistry. The general title of his programme was 'The vacuum ultraviolet spectra and electronic structure of polyatomic molecules'. His particular project was the study of conjugated double bond and triple bonded systems including aromatics. He had great skill in designing and operating equipment and difficult chemical preparations were to him a challenge which he gladly accepted. He saw immediately the relevance of the research to the nature of chemical bonding. His interest and ability in using spectroscopic theory brought him success and in this field he derived much benefit from his friendship with Charles Coulson. During this period butadiene, diacetylene, cyanogen, acrolein, styrene and their methyl derivatives were studied and the effect of cis and trans configurations inferred from com parison between the cyclic and open-chain materials. The results were found to conform closely with the molecular orbital theories of Lennard-Jones and Mulliken.
Postgraduate years at Cambridge
In 1941 on completion of his Ph.D. work Donald was recruited into a research project directed by Professor R. G. W. Norrish concerned with the nature of hydrocarbon combustion with particular reference to knock in internal combustion engines. This research was carried out in conjunction with Ricardo and Co. Engineers (1927) Ltd and aimed at providing a sound scientific basis for the pioneering work of Sir Harry Ricardo. It was sponsored by the Shell Petroleum Co. for whom Professor Norrish was a consultant. He appointed Dr Walsh as project consultant writh the particular task of providing the labora tory information which paralleled the engine investigations of the Ricardo team led mainly by Diarmuid Downs and R. W. Wheeler. The object of the work was to erect a theoretical framework which would enable a link to be formed between engine research and the great mass of data existing from laboratory studies of combustion. Walsh's laboratory studies at Cambridge were initially concerned with preflame reactions of ethers and he had investigated cool-flame phenomena and the formation of such signpost products as alkyl hydroperoxides and hydrogen peroxide as well as excited formaldehyde which was spectro scopically identifiable by its cool-flame luminescence. He was able to show that excited formaldehyde molecules are present in the cool flames and that they were produced by the chemical reaction between two radicals, e.g. 0 H + CH30-> CH20* the starred radical being the triplet excited state of formaldehyde which relaxed to the singlet ground state with light emission. In his collaboration with Downs and Wheeler it was shown that with most fuels engine knock was a two-stage phenomenon. The first stage was a 'low' temperature process cul minating in the formation of a 'cool' flame. This was followed by a second stage in which the rapid completion of combustion took place. Certain fuels such as methane and benzene, which did not exhibit a 'low' temperature combustion mode in laboratory-type experiments, knocked by a single 'high' temperature process in the engine. The sampling experiments and analyses for peroxides and aldehydes, the fuel additive experiments, the monitored engine tests at Ricardo's and the experiments carried out in the chemical laboratory under Walsh's direction provided data supporting these conclusions. The involvement of peroxides in the combustion of hydrocarbons was an essential link in his theory of the process. In this he crossed verbal swords with Professor Norrish who at that time favoured a predominating role for aldehydes. They were probably both right in different circumstances.
Cool flames fascinated Donald Walsh. As usual, he developed an experiment to illustrate them. In the darkness of one of his spectrographic rooms he would dip a filter paper in di-tert.-butyl peroxide and then ignite it with a glowing cigarette. A blue-white glow was emitted and the filter paper was shown after wards to be completely uncharred.
The first fuels which he studied were ethers and these were rich in complexi ties since their cool-flame limits showed irregularities, 'lobes' he called them, which were intriguing then and which still have not yet been completely ex plained. Essentially Walsh's explanation was that various peroxy radicals were produced some of which could lead on to branching reactions, while others would decompose depending on the temperature. Since hydrogen atoms could be abstracted from various parts of the fuel molecule (primary, secondary or tertiary hydrogen atoms) there was a range of peroxy radicals which became important at different temperatures so that as combustion and cool flames became less easy to sustain via one radical, the rise in temperature which caused one peroxy radical to become less stable helped in the production of the radical which produced another peroxy radical. So the combustion limits 'ebbed and flowed' as the temperature was raised and different peroxy radicals became important in producing branching reactions.
Later, when the research concentrated on the mode of action of anti-knock agents such as tetraethyl lead, Walsh turned his attention to heterogeneous catalysis with the result that he and his collaborators from Ricardo's came to the conclusion that lead oxide in the form of a fog of fine particles resulting from the thermal decomposition in air of lead tetraethyl catalytically destroyed certain chain initiators, particularly alkyl peroxides, and thus inhibited the knock relations. This theory was somewhat controversial at the time but has attracted more and more support with the passing of the years. An illustrative lecture experiment which he used to demonstrate the effectiveness of lead oxide in decomposing peroxide was to add a fewT grains of the powder to a 20 volume hydrogen peroxide solution. After a minute the solution started to boil violently as a result of the decomposition of the peroxide into oxygen and water. On the other hand, the addition of lead oxide particles to a reaction vessel resulted in a tenfold reduction in the rate of oxidation of hydrocarbon fuels.
The large effect which surfaces had on combustion led to his classification of surfaces according to their effect on such reactions. He distinguished three different categories. In the first category were many 'acid' surfaces which included boric acid and 'HF-washed' surfaces. These have since been used by many other workers seeking to reduce the influence of surfaces on combustion reactions. At the time reproducible results were often very difficult to obtain and it was important to discover that these two surfaces would give reproducibility. The second category included many alkalis and salts (not acid salts) which he found both inhibited combustion and caused somewhat more rapid decomposi tion of peroxides. The third category included surfaces of metals such as silver or gold which were found to be still more effective in inhibiting com bustion. He concluded that on category 1 surfaces there was little destruction of radicals or peroxide molecules. On category 2 surfaces the radicals were des troyed at a rate which depended on their diffusion to the surface, but the peroxide molecules were not efficiently destroyed. On category 3 surfaces both radicals and peroxy molecules were destroyed at diffusion-controlled rates.
The importance of the nature of hydrocarbon combustion processes to the performance of the engines of the time attracted great interest internationally. In 1949 he was invited to give a course on combustion mechanisms in internal combustion engines to the Humble Oil Company in Houston. The course was so well received that he was invited to repeat it a few years later. A similar course was given at the Esso Laboratory in Detroit. In 1950-51 he was Visiting Professor at the University of California. He subsequently undertook visits to the U.S.S.R. in 1964, to Hungary in 1966 and to Bulgaria in 1968 under the Royal Society's scheme for the exchange visits of scientists. The major topics of his lectures on these occasions were combustion theory and the spectroscopy and electronic structure of polyatomic molecules.
I.C.I. FELLOWSHIP, 1946-49
To revert to the chronological order of events it should be mentioned that the author left Cambridge for war work with I.C.I. in 1943 while Walsh continued there working on combustion in Professor Norrish's group until 1946. He was then awarded an I.C.I. fellowship which he held at Cambridge from 1946 to 1949. He continued both his spectroscopic and combustion studies alongside one another as these had many features in common such as the structure and energies of radicals and small molecules. He built new vacuum ultraviolet spectrographs and took on his first research student in this field who was John P. Teegan later to become Professor and Dean at University College, Cork. He also engaged in the teaching at Cambridge and organized the summer schools in physical chemistry which were held there. He built up a reputation for the clarity of his lectures, the enthusiasm with which they were given and the inspiration which they engendered. He was not a quick or easy learner of new things and had to struggle with them to understand them to his own satisfaction. He always found himself therefore rather sympathetic to the students' difficulties and tried to anticipate these by bringing them out and dealing with them in his lectures, a practice which greatly enhanced the impact of his teaching.
His great strength was his memory and the assiduity with which he applied himself to the collection of data relating to a particular topic. These data he tried to codify, attempting to extract from them empirical relations which he could use to predict effects in related molecules. Thus in a series of papers published in the late forties he established relations between ionization potentials and bond lengths, bond order, bond strengths and polarities which were very useful to workers in the field at that time (papers 14, 16, 21 and 23) . This habit of cor relating data led subsequently to the series of papers on the electronic orbitals, shapes and spectra of molecules which will be discussed later. Again it was the encyclopaedic nature of his knowledge of combustion that led him to classify the types of ignition processes and to distinguish between the roles of hydrogen peroxides and the hydroperoxides. His own high standards sometimes made him react strongly to statements made by established authorities if he thought they were in error. Thus even at an early stage in his career he did not hesitate to enter into controversies on specific points with such Nobel laureates as Sir Robert Robinson on the structures of ethylene oxide and cyclopropane and Professor R. G. W. Norrish on certain aspects of the mechanism of the com bustion of hydrocarbons.
Family life
In 1945 he married Elin Frances Woolley whom he met when she was a student at Girton to which college she had gained an Exhibition when at Roan School, Greenwich. She was a member of the Robert Hall Society during the time when he was president of that religious group. She was a geographer by training and came from a social background very similar to his own. Rarely 37* could there have been a more suitable match. She entered whole-heartedly into his academic life and provided a warm social background for his students and distinguished visitors. Her hospitality and friendship to all his associates were legendary and no doubt the help and advice which she gave to him in the many problems he encountered were invaluable. They adopted two children (Peter in 1951 and Valerie in 1953) and later in 1957 had twins of their own (Timothy and Margaret). . This no doubt helped him to consolidate his ideas about the elec tronic structures and shapes of simple molecules and radicals in their ground and excited states. On his return he wrote the ten articles for which he is probably best known, namely 'The electronic orbitals, shapes and spectra of polyatomic molecules', parts I-X. These were communicated to the Journal of the Chemical Society in May and June 1952 and appeared in 1953. They provided clear and simple systematic statements of the group theoretical notations of the simple molecular types AH2, AB2, BAC, HAB, AH3, AB3, H 2AB, pentatomic and hexatomic molecules somewhat after the manner of earlier articles of Mulliken. Walsh illustrated his 'rules' by means of correlation diagrams drawn up in a semi-empirical manner which related the variation of individual orbital energies to bond angles. Conclusions relative to the geometry of molecules in a given family are made on the basis of which of the molecular orbitals are occupied in a particular electronic state. Basically the occupation of a level whose orbital energy curve is decreasing with diminishing inter-bond angle produces a trend towards bent geometry, while the opposite effect is expected when an electron occupies an orbital whose orbital energy increases for deformations out of a linear nuclear arrangement. (Note: increase in orbital energy corre sponds to decrease in binding energy and vice versa). For instance, the OH2~ molecule in a linear state would have the configuration lag2og(l7tu)4. On bending, the degenerate 7cu orbitals turn into lb x (non-bonding 2p O orbitals) and 3ax (2p O, 2s O and Is H hybrid orbitals). Because the latter orbitals are now more effective in neutralizing the mutual repulsion of the protons than is the 2p7cu orbital in the linear configuration its occupation by electrons leads to a bent molecule, the terminal protons being allowed to approach more closely than in the linear configuration. Thus while AH2 systems with four valence electrons in the configuration are predicted to be linear, those with five and six valence electrons with configurations 2a lb |3 a x such as BH2 should be bent. These diagrams were very effective in the early analysis of the spectra of triatomic and other polyatomic systems and in correlating changes in geometry with changes in orbital occupation.
D undee, 1955-77
In 1955 he was appointed to the Baxter Chair of Chemistry and Headship of the Department at Queen's College, Dundee. Under his direction the depart ment grew in staff, student numbers and floor space. He was tireless in his endeavours to build up his department into one with a high reputation for research as well as teaching. However, soon after his arrival he was drawn into problems of university politics. In the immediate post-war years there was a considerable body of opinion in Dundee which wanted the College to be a full University independent from St Andrews. A Royal Commission under the first Lord Tedder was appointed to consider this matter. The Tedder Report in 1952 had in essence suggested that the institutions on the two sides of the Tay should remain one University with the re-named Queen's College in Dundee gaining equality of status with the United Colleges in St Andrews. The imple mentation of the Tedder Report led to an attempt to leave the more traditional disciplines, which included pure science in St Andrews, while the more modern subjects were to be developed in Dundee. This meant the loss from Dundee of the departments of biological science, apart from first year teaching, and might in due course have reduced the physical sciences to having no more than a purely service role for students taking applied science or medical science. Donald Walsh was the leader of the campaign which opposed this. He pointed out that the academic situation in the early sixties with the university expansion due to the bulge would be very different from that in the early fifties. Encouraged by the Robbins Report, he pressed along with several other professors for the opportunity to be taken to build up the pure sciences both at Dundee and St Andrews, and this became college policy in the late fifties. The ultimate decision of the Government in the early sixties was to create a separate University in Dundee and it was natural that when this came about in 1967 Walsh should have been elected the first Dean of Science of this newly created University. He did much while in this office to build up the biological, chemical and biochemical subjects which up to this time had received less support than physics and mathematics.
His scientific work at Dundee continued in the fields of molecular spectro scopy and combustion mechanisms. He was one of the founder members of the European Molecular Spectroscopy Group which met biennially after the first meeting in Paris in 1953. He was also a regular contributor to the International Symposia on Combustion which fortunately met on the alternate years. In 1963 he organized a Faraday Discussion on 'The structure of electronically excited species in the gas phase'. It was held in Dundee and attended by all the major research workers in the field. He and his colleagues contributed two important papers to the symposium. In 1964 he was elected to the Royal Society.
The research which he and his group performed in the mid and late sixties on combustion mechanisms in spark-ignition engines and on the associated problem of anti-knock agents continued to attract international interest. For a different reason, namely the problem of atmospheric pollution by exhaust gases it is likely that the work will be relevant to many of today's problems. He was a perfectionist and as the pressures to publish diminished so his papers became fewer in number for he was slow to accept that the latest draft was completely satisfactory. He often felt that with a little more thought one more loose-end might be tidied up. And so it was that his book on combustion remained a collection of chapters which were incomplete and never up-to-date to his satis faction. It is unfortunate that it will remain unfinished and never be published.
Walsh used to tell how, when he first entered his department in what was then Queen's College, Dundee, his secretary immediately presented him with an empty file and informed him that it was to receive material for his inaugural lecture. He realized that his own scientific work would not readily lend itself to a talk which would be understandable by an audience of widely differing interests and instead he used the occasion to make an impassioned plea for more cooperation between industry and the universities. In particular, he argued for an effort to be made by industry to send suitable young men to the universities for a training in fundamental research. His experience at Ricardo's had shown how stimulating contacts between academic and industrial scientists could be. He also stressed the importance of the continuation of the association between teaching and research and the value that this could have in bringing a new and invigorating approach to a topic from the need to explain its fundamentals to a student in a clear and convincing way. When asked to contribute to the series of public lectures presented in the University each Saturday evening through the Lent term, he selected as his topic a study of the early years of University College, Dundee. His interest in this field widened and he became both fascin ated by and an authority on the eminent Victorian scientists, who in one way or another were connected with the foundation of the College in 1881. The College incidentally was founded largely by gifts from the Baxter family after whom the Chemistry Chair was named. The foundation of the College was preceded by the first visit of the British Association for the Advancement of Science to Dundee in 1867. When in 1968 a century later the B.A. again visited Dundee Walsh wrote a fascinating article on the scientific personalities present at the original meeting and how they, and in particular Henry Roscoe, subsequently helped and advised on the policy and initial appointments at the College (paper 128). Walsh had a natural piety and reverence for human achievement and seemed to find himself in deep sympathy with the aims and aspirations of men like Roscoe and Carnelly (the first holder of the Baxter Chair of Chemistry at U.C.D.).
One of his great hobbies was gardening and acquiring a garden of 2 \ acres on coming to Dundee gave him a tremendous scope for his interest in landscape gardening, planting trees and laying out the grounds. An associated activity was the attention he paid to the physical embellishment of the environment of the College and he became the natural chairman of the Gardens Committee which was concerned with this topic. Many of his colleagues felt that apart from his other achievements, the quiet little quadrangles and recesses, lined with trees and flowers, are a constant reminder of the man.
Onset of illness
The symptoms of the debilitating illness which was to end his active career began to show in the late sixties and his condition was diagnosed as Parkinson's disease in 1970. His mental deterioration was such that his wife Elin had to take care of all his personal, domestic and financial affairs and his departmental staff had to assume his academic responsibilities. The last two years before official retirement in 1976 at the age of 60 were given to him by the University as first a sabbatical year and second as a year's sick leave. He died in a Dundee hospital on 23 April 1977 from a bladder infection which proved intractable to antibiotic treatment.
No tribute to Donald Walsh would be complete without mentioning the tremendous support he received from his wife Elin to whom he had become engaged when they were both together at Cambridge. She shared with him his love of nature and his recreations which he listed as gardening and bird-watching. To things natural he added his love of things spiritual and these combined to make him a very special and unforgettable person. 
